and the often-protracted time needed before return to athletic participation.
The objectives of this study were (1) to determine if objective measurements of injury severity after high ankle sprains could predict the time to return to play in Division I football players and (2) if return could be predicted, to determine whether physical examination or diagnostic musculoskeletal ultrasound was more predictive of return to play after this injury. Our hypothesis was that objective measures of injury severity at the time of diagnosis of a high ankle sprain can be predictive of time to return to athletic participation in collegiate football players.
Materials and Methods
This study was approved by our institutional review board, and all participants completed informed consent prior to enrollment.
Twenty consecutive Division I collegiate football players with a clinical diagnosis of a grade I high ankle sprain (syndesmosis sprain without diastasis) 5 were enrolled in this study over 3 years. Inclusion criteria included suspected injury to the ankle syndesmosis (anterior and posterior tibiofibular ligaments and interosseous ligament) after acute ankle injury in a game or training session based on physical examination and mechanism of injury. Athletes with prior syndesmosis injuries were excluded from the study. Patients with diastasis of the syndesmosis or associated fractures of the foot or ankle were excluded from the study, as described below.
Diagnosis and Inclusion
Athletes were suspected of having sustained a high ankle sprain if they presented with acute anterolateral ankle pain with weightbearing centered directly over the syndesmosis following a witnessed or reported injury involving external rotation and/or hyperdorsiflexion. Physical examination findings of tenderness over the syndesmosis, a positive "squeeze test," 9 and a positive external rotation test 1 confirmed the diagnosis. Patients underwent routine ankle radiographs or fluoroscopy to rule out fracture or diastasis of the syndesmosis joint. 8, 14 We do not routinely perform stress radiography as part of our standard evaluation of these injuries.
Injury Severity
After enrollment, 2 clinical measurements of injury severity were determined. The first was defined as the height of the zone of injury on physical examination. Specifically, this was defined as the distance in centimeters from the distal tip of the fibula to the highest point of tenderness along the interosseous membrane and anteromedial aspect of the fibula. This method has been described as a measure of injury severity in high ankle sprains. 13 This distance was measured by a single investigator for each of the 2 football teams under study, to minimize variability, and was recorded for subsequent analysis.
The second predictor of clinical severity was the height of the zone of injury, as defined by diagnostic musculoskeletal ultrasound examination. Within 72 hours of injury, both the injured and uninjured extremities were evaluated by musculoskeletal ultrasound examination. Ultrasound images were acquired using high-frequency linear transducers (10-17 MHz; Model iU22, Philips Medical Imaging, Bothell, Washington) by 1 of 2 musculoskeletal ultrasound technologists (9 and 11 years of experience) and were supervised by a single fellowship-trained musculoskeletal radiologist (18 years of experience). The static images and cine clips were then retrospectively reviewed on a digital workstation by the radiologist. The normal interosseous membrane was identified as a thin linear hyperechoic structure extending from the tibia to the fibula. The interosseous membrane was determined to be injured when the membrane was not visualized from abnormal hypoechogenicity. The distance in centimeters from the tibiotalar joint line to the highest point of injury, as visualized on ultrasound, was measured and recorded for subsequent analysis. The anterior tibiofibular ligament was also evaluated and assessed for complete tear. If the anterior tibiofibular ligament and interosseous membrane were not torn on ultrasound, then 0 cm was recorded. If the anterior tibiofibular ligament was completely torn and the interosseous membrane was normal at ultrasound, then 1 cm was recorded as the proximal extent of the injury. A ligament was noted to be normal if it was of uniform thickness and hyperechoic with a compact fibrillarechotexture. A ligament was noted to be completely torn if there was discontinuity and abnormal hypoechogenicity. The calcaneofibular ligament was also assessed by ultrasound, and the uninjured extremity was also scanned in all patients to serve as an internal control.
Participants and investigators were blinded to both injury severity measurements until after the patient had returned to full athletic participation to avoid treatment bias.
Patients underwent a standardized rehabilitation program (Table 1) and were permitted to progress to the next phase after successful completion of the preceding one. Athletes were allowed to return to unrestricted play after meeting standardized return-to-play criteria ( Table 2) .
Data Analysis
Pearson correlation coefficients with 95% confidence intervals (CIs) were calculated to investigate the direction and magnitude of association between the 2 measures of injury severity and time to return to unrestricted play. A linear regression model (time to return to unrestricted play as a function of injury severity and player position) with 95% CIs was then developed. A Cox proportional hazards model with covariates of injury severity and player position was developed to investigate the effect of player position on return to play. Because of the sample size, player position was categorized either as lineman or other position.
Data analysis was performed on SAS 9.1.3.
results

Demographics
Twenty consecutive Division I collegiate football players from 2 teams were enrolled in the study between 2007 and 2010. All were men, with a mean age of 19.9 years (range, 19-23 years). The study population included 10 linemen, 3 wide receivers, 3 linebackers, 3 running backs, and 1 defensive back. Mean time to return to unrestricted play was 15.5 ± 9.5 days (range, 2-30 days). Injury severity measurements included mean height of tenderness of 9.9 ± 4.6 cm (range, 1.8-17.8 cm) and mean height of zone of injury on ultrasound of 3.9 ± 4.9 cm (range, 0-20.3 cm).
Ten of the 20 patients with a clinical diagnosis of high ankle sprain on physical examination had evidence of interosseous membrane tear on ultrasound, with a complete tear of the anterior tibiofibular ligament noted in all 10 ( Figure 1 ). The average superior extent of injury from the anterior tibiotalar joint in these 10 players with both interosseous membrane and anterior tibiofibular ligament tear was 7.4 cm (range, 4-20 cm). There were 6 with complete tears of the anterior tibiofibular ligament and a normal interosseous membrane, where the proximal extent of injury from the joint was recorded as 1 cm.
The remaining 4 had normal anterior tibiofibular ligament and interosseous membrane, where the proximal injury extent was therefore recorded as 0 cm. Four had concomitant injury to the calcaneofibular ligament, and 1 had injury to the deltoid ligament. No patients suspected of sustaining a high ankle sprain were excluded from the study with associated fractures or syndesmotic diastasis. No fractures of the fibular head were noted. 
Correlation
There was a statistically significant positive correlation between the height of zone of injury on physical examination (tenderness) and time to return to unrestricted play (r = 0.68; 95% CI, 0.34, 0.86). The correlation between extent of interosseous membrane injury on ultrasound and return to play was weak and without statistical significance (r = .35; 95% CI, -0.11, 0.67). Furthermore, the correlation between injury severity on physical examination versus ultrasound was weak and without statistical significance (r = .31, 95% CI, -0.15, 0.66). When the ultrasound findings were compared with number of days to return to play, patients with an intact interosseous membrane had an average return to play of 12.6 days (range, 2-26 days), and those with an interosseous membrane tear had an average of 19.6 days (range, 8-30 days), which was not statistically significant (P = 0.19). However, patients with clinically suspected high ankle sprain and a normal anterior tibiofibular ligament on ultrasound had an average return to play of 3.3 days (range, 2-7 days), compared with those with a complete tibiofibular ligament tear, who averaged 19.2 days (range, 8-30 days), which was statistically significant (P < 0.01).
Regression and Cox Proportional Hazards Model
A linear regression analysis revealed that injury severity as measured on physical examination and player position were both significant predictors of time to return to unrestricted play following high ankle sprain. The model suggests that height of tenderness is a significant predictor of time to return to play while controlling for player position (P < 0.01), whereas player position is a significant predictor of time to return to play while controlling for injury severity (P = 0.04). A graph of the regression model illustrates that height of tenderness is a predictor of time to return to play (Figure 2) . The full regression model, which includes the additional predictor variable of player position, is number of days to return to unrestricted play = -1.05 + (1.29 × height of zone of injury on physical examination in centimeters) + (6.25 × player position).
For the player position variable, lineman = 0 and all other positions = 1.
The Cox proportional hazard model investigating the effects of player position (linemen versus other) and injury severity (height of tenderness) on return to play, while controlling for injury severity on physical examination, suggests that linemen return to play sooner than other positions (hazard ratio = 0.24, P = 0.01). In addition, this model confirms that injury severity (height of tenderness) is associated with a delayed return to unrestricted football participation (hazard ratio = 0.87, P = 0.01).
discussion
There is a clear association between injury severity as measured by physical examination and the time to return to unrestricted play following high ankle sprains in Division I collegiate football players.
High ankle sprains remain a challenging injury in football players. Although injuries to the syndesmosis appear to be less common than isolated lateral ankle sprains, their clinical course is more protracted and appears to be more unpredictable. Numerous authors have reported that high ankle sprains in football players result in significantly greater time loss to play than lateral ankle sprains. 4, 7, 9, 15 Professional football players with syndesmosis injuries lost significantly more time (2.5 vs 1.25 weeks), practices (11.7 vs 3.5 practice sessions), and games (1.4 vs 0.3 games) than those with simple lateral ankle sprains. 7 In addition, injuries to the syndesmosis have been associated with chronic symptoms and ankle dysfunction. 6, 13, 15 Nussbaum et al reported on collegiate athletes with syndesmotic sprains and also found an association between injury height on physical examination and time lost from athletic participation. 13 Although this study was not restricted to football players, without the effect of sex or sport in their results, a similar mean time lost from athletic participation as the present study was reported (13.4 vs 15.5 days). This study included only football players because different sports place different demands on the ankle. Focusing on a single sport strengthens the external validity of these findings when applied to football players. In addition, player position was included as a covariate in the analysis. Just as there are sportspecific demands on the ankle, position-specific demands exist, and the patients in this study were grouped accordingly. The analysis suggests that football linemen return to play sooner than other positions when controlling for injury severity. Because of the sample size, a further break down analysis by player position was not performed.
Little has been published regarding the rehabilitation of high ankle sprains, and the ideal treatment regimen remains undefined. The few studies that have presented rehabilitation protocols generally follow 3 phases: (1) an early phase of pain and inflammation control; (2) a middle phase focusing on mobility, function, and strengthening; and (3) a final phase of advanced training to prepare the athlete to return to competition. 6, 13, 16 This treatment protocol also follows the general strategy.
The value in establishing the association between injury severity and time to recovery is the application of these findings toward a prediction model. A mechanism for predicting time to return to play after injury is of value to athletes and caregivers alike. Athletes gain a sense of a reasonable timeline to recovery following high ankle sprain, while caregivers can more clearly define the window for return to play, facilitating communication with players and coaches. These findings allow for a reasonable prediction of such a "window" of return to play following injury. These findings might also be useful to identify injuries for more invasive measures to reduce the risk for further disability from syndesmotic injury.
The sample size of 20 represents a convenience sample that resulted from a planned data collection period over 3 consecutive college football seasons. Despite this relatively small sample size, the results mirror quite closely those reported by Nussbaum et al. 13 A larger sample size might alter the regression model but would certainly allow for a narrower prediction interval.
Historically, the physical examination has been the mainstay of diagnosis for suspected syndesmotic sprains. While there is a role for standard radiographs, the value of stress radiographs is unclear, and they are not part of the standard evaluation for these injuries. 2, 3, 16 Magnetic resonance imaging can also be 
